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(54) Flexible stent with effective stmt and connector patterns

(57) An expandable stent (1) of the invention is

formed of a plurality of rows of circularly arranged elon-

gated members (4) situated side by side in a longitudi-

nal axe, and a plurality of rows of circularly arranged

connectors (5) situated between two adjacent rows of

the circularly arranged elongated members for connect-

ing the same Each row of the elongated members
includes first and second elongated members (4a, 4b)

inclining in the same side relative to an imaginary line

extending on an imaginary circular surface parallel to

the longitudinal axis, and joint portions (12) respectively

connecting ends of the first and second elongated

members so that the first and second elongated mem-
bers extend continuously through the joint portions.

Each connector (5) includes a vertical portion (5a) sub-

stantially perperxficular to the longitudinal axis, and

upper and lower end portions (5b, 5c) extending later-

ally in opposite directions from ends of the vertical por-

tion. The upper and lower end portions (5b, 5c) are

connected to the joint portions (12) in the two adjacent

rows of the drcutarty arranged elongated members, so

that the connectors (5) provide flexibility along the longi-

tudinal axis and reduce a longitudinal movement of the

stent when the stent is expanded.

Fig. 3
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* Description

Background of the Invention and Related Art Statement

[0001] The present invention relates to a stent with

effective strut and connector patterns.

[0002] -Stent" is known in the art as a prosthesis or

graft used for reinforcing the blood vessel, such as an

artery, or for maintaining patency of the bbod vessel

after opening a 6tenosi& in the artery, and has been

effectively used in the vascular treatment in place of sur-

gical exposing, incising, removing, replacing or bypass-

ing a defected blood vessel required in the conventional

vascular surgery.

[0003] The stent is generally formed into a cylindrical

shape, and functions to support a part of the patient's

blood vessel or another anatomical lumen from the

inside thereof so as to maintain the patency of the

artery or to reinforce a dissected arterial wall or like,

which may impede a fluid passageway by cottapse

thereof. Accordrig to the recent clinical data, it has been

reported that occurrence of re-stenosis can be greatly

reduced by using the stent after opening the stenosis by

the PTCA (percutaneous transluminal coronary angi-

oplasty) balloon catheter.

[0004] In the conventional stents, the followings have

been considered in constructing and using the stents.

Firstly, in the balloon expandable type of the stent the

stent in a closed concfition is mounted on a balloon

attached at a distal end portion of a balloon catheter,

and delivered to a lesion or stenosis through the

patient's meandering artery over a guide wire prelimi-

nary introduced in the artery. In this respect, the stent

should be flex&e in order to be delivered through the

narrow and meandering artery. On the other hand, the

expanded stent should have enough strength to support

the dissected arterial wall sufficiently or to keep opening

stenosis. Therefore, it is desired that the stent is flexible,

has a sufficient support structure, and can expand to

have a large diameter.

[00051 Secondly, as disclosed in U.S. Patent No
5.669.932, when the stent is deployed by expanding the

balloon of the balloon catheter, the entire length of the

deployed stent becomes shorter than the length of the

closed stent The deployed length of the stent may be

checked if it is adequate to cover a particular length of

the stenosis. However, it is desirable to prevent shorten-

ing of the length of the expanded stent because the

shortening may not cover the lesion as a doctor planed

for the treatment

[0006] Accordingly, one object of the invention is to

provide a flexible stent which can be easily delivered

through the meandering and narrow artery.

[0007] Another object of the invention is to provide the

stent as stated above, which can substantially prevent

shortening of the entire length of the stent when it is

expanded.

[0008] A further object of the invention is to provide

the stent as stated above, which can prevent twisting of

the stent when it is expanded, to thereby prevent dam-

age of cells due to twisting of the stent

[0009] Further objects and advantages of the inven-

5 tion win be apparent from the following description of the

invention.

Summary of the Invention

10 [0010] To achieve the aforementioned objects, the

present invention provides an expandable stent which

is formed of a plurality of rows of circularly arranged

elongated members situated side by side in a longitudi-

nal axis, and a plurality of rows of crrcutarty arranged

is connectors situated between two adjacent rows of the

drcutarty arranged elongated rnembers for connecting

the same. Each row of the elongated members includes

fist and second elongated members disposed on an

imaginary circular surface and inclining in a same side

20 relative to a line extending on the imaginary circular sur-

face parallel to the longitudinal axis, and joint portions

respectively connecting ends of the first and second

elongated members so that the first and second elon-

gated members extend continuously through the joint

25 portions.

[0011] Each connector has a vertical portion substan-

tially perpendicular to the line extending on the imagi-

nary circular surface, and upper and lower end portions

extending laterally in opposite directions from ends of

so the vertical portion. The upper and lower end portions

are connected to the joint portions in the two adjacent

rows of the circularly arranged elongated members. The

connectors provide flexibility to the stent along the lon-

gitudinal axis and reduce the longitudinal movement of

ss the stent when the stent is expanded.

[001 2] In the closed condition of the stent, each verti-

cal portion of the connector extends in the direction sub-

stantially perpendicularly to the line on the imaginary

circular surface parallel to the longitudinal axis of the

40 stent and the upper and lower end portions extend lat-

erally in the opposite directions. Thus, the stent can be

relatively easily bent in the longitudinal direction. When
the stent is delivered through the winding and narrow

artery, the stent can be easily bent at the connectors to

45 provide great flexibility.

[0013] Also, when the stent is expanded, the vertical

portion is moved to orient in the direction substantially

parallel to the longitudinal axis. Due to the movement of

the vertical portion, when the stent is expanded, the

so elongated members are liable to rotate or twist in the

artery, but the rotation or twisting of the stent is substan-

tially prevented. Thus, the damage to the cells in the

artery when the stent is expanded is reduced. Further,

when the elongated members are expanded, the stent

55 is generally shortened in the axial direction, but since

the vertical portions are oriented laterally, the length of

the stent does not substantially change to prevent short-

ening of the entire length of the expanded stent

2



3 EP0980 694A2 4

[0014] Stm further, since only one of the pairs of the

elongated members is substantially pivoted when the

stent is expanded, the stent can be easily expanded.

[0015] Also, in the stent of the invention, the upper end

portion of the connector is attached to an upper end of s

the joint portion in one circularty arranged elongated

members, and the tower end portion of the connector is

attached to a lower end of the joint portion in another

circularly arranged elongated members situated adja-

cent thereto. The upper end and the lower end are later- 10

ally and vertically spaced apart from each other.

[001 6] Preferably, each of the end portions of the con-

nector is curved to project outwardly so that when the

stent is expanded, the first elongated members are piv-

oted at the joint portions and the vertical portions are is

moved horizontally.

[0017] Also, each of the first elongated members is

preferably shorter than each of the second elongated

members, and the first and second elongated members

are arranged alternately and inclined obliquely. 20

Brief Description of the Drawings

[0018]

25

Fig. 1 is a plan view of a ftexfole stent with effective

strut and joint patterns accortfing to the present

invention, wherein the stent is shown in a flat sheet

form;

Fig. 2 is a side view of the stent before it is so

expanded;

Fig. 3 is a magnified plan view of a part of the stent

shown in Fig. 1, showing a pattern of a small mesh

portion in detail;

Fig. 4 is a magnified plan view of an end portion of ss

the stent shown in Fig. 1, showing a pattern of a

targe mesh portion in detail; and

Fig. 5 is a magnified side view of a part of the stent

after it is expanded.

40

Detailed Description of Preferred Embodiments

[0019] An embodiment of the present invention is

explained with reference to the attached drawings.

[0020] Numeral 1 designates a stent, shown in a flat 45

form in Fig. 1. The stent 1 is formed of two large mesh
portions 2 located at both longitudinal ends of the stent

1, and a small mesh portion 3 disposed between the

large mesh portions 2. The small mesh portion 3 and

the targe mesh portions 2 are integrally formed with so

each other to form a circular or cylindrical shape along

the longitudinal axis of the stent 1, as shown in Fig. 2.

The stent has the diameter D1.

[0021] The small mesh portion 2 is formed of plural

rows of struts 4, and plural rows of connectors 5, and ss

each row of the struts 4 and each row of the connectors

5 are circularly arranged in the longitudinal axis of the

stent 1. Each row of the connectors 5 is adjacent to

each row of the struts 4. Namely, the rows of the con-

nectors 5 and the rows of the struts 4 are arranged alter-

nately as shown in the figures.

[0022] As shown in Fig. 3, each row of the struts 4 is

formed of pairs of struts 4, each being formed of a first

strut 4a and a second strut 4b, and a joint portion 12 for

connecting ends of the first strut 4a and the second strut

4b. The first and second struts 4a. 4b incline obliquely

with respect to an imaginary line on the surface of the

stent extending parallel to the longitudinal axis of the

stent 1. The first and second struts 4a, 4b are arranged

alternately in the row, and the joint portions 12 connect

ends of the first and second struts 4a, 4b. More specifi-

cally, the joint portion 12 connects one end of the frst

strut 4a with one end of the second strut 4b, and then

another joint portion 12 connects the other end of the

second strut 4b and an end of another first strut 4b.

Accordingly, the first stmts 4a and the second struts 4b

alternately arranged and connected by the joint portions

12 extend continuously in each row. Incidentally, in the

embodiment the first strut 4a is shorter than the second

strut 4b.

[0023] Each connector 5 has an inclined S-shape. and

includes a vertical portion 5a extends substantially per-

pendicularly to the imaginary line on the surface of the

stent 1 and upper and lower ends 5b, 5c extending lat-

erally relative to the vertical portion 5a. Namely, each of

the upper and lower ends 5b, 5c of the connector 5 is

curved to project laterally and outwardly from the verti-

cal portion 5a. When the stent 1 is expanded, the first

struts 4a are pivoted at the joint portions 12, and the

vertical portions 5a are moved horizontally.

[0024] As shown in Fig. 3, for example, the lower end

5c of the S-shaped connector 5 is connected to the joint

portion 12 at a point A, i.e., to the joint portion 12 con-

necting the ends of the second strut 4b and the first strut

4a in one row (right row in Fig. 3), and the upper end 5b

of the S-shaped connector 5 is connected to the joint

portion 12 at a point B, i.e., the joint portion ^connect-

ing the ends of the first struts 4a and the second strut 4b

in another row (left row in Fig. 3). The point A, that is,

the connection point between the lower end 5c of the

connector 5 and the joint portion 1 2, is located closer to

the first strut 4a in the right row, and the point B, that is.'

the connection point between the upper end 5b of the

connector 5 and the joint portion 1 2, is located closer to

the first strut 4a in the left row. When the stent 1 is

expanded, the upper end 5b and the lower end 5c are

moved to close to each other while the vertical portion

5a is oriented generally horizontally.

[0025] Each large mesh portion 2 is formed of one row

of elongated struts 6 which are longer than the struts 4,

and a row of connectors 5*. The row of the connectors 5'

includes fewer connectors 5' than those of each row of

the connectors 5 in the small mesh portion 3. The row of

the elongated struts 6 is disposed at the end of the stent

1. and the row of the connectors 5' is located between

the row of the elongated struts 6 and the row of the
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struts 4 as shown in Rgs. 1 and 2.

[0026] The row of the elongated struts 6 is formed of

pairs of elongated struts 6a, 6b, and end connectors 7,

wherein a first elongated strut 6a is connected to a sec-

ond strut 6b by the end connector 7 at an end of the s

stent 1 . The first elongated strut 6a is inclined obliquely

along the imaginary line on the outer surface of the stent

1 and extends symmetrically to the second elongated

strut 6b. The first and second elongated struts 6a. 6b

are connected to the respective ends of the S-shaped io

connectors 5' at the respective other ends thereof. In

the embodiment, the connector S has the same size

and shape as the connector 5, but the number of the

connectors 5' in one row is fewer in the row of the con-

nectors 5*. The connector 5* are connected to the struts is

4. In the row of the struts 4 adjacent to the row of the

connectors 5', one in two struts 4 adjacent to each other

is not connected to the connector S as shown in the fig-

ures.

[0027] In use, the stent 1 in a closed condition shown 20

in Fig. 2 is placed over a balloon of a balloon catheter

(not shown), which is known in the art. and then the bal-

loon catheter with the stent 1 is introduced into the

patient's artery over a guide wire (not shown), which is

preliminary introduced into the artery, so as to locate the 25

stent 1 at a lesion or stenosis of the artery. Then, the

balloon is inflated to expand the stent as well as the ste-

nosis to have patency in the artery, and the balloon

catheter is withdrawn from the artery over the guide

wire. 30

[0028] When the stent 1 is expanded by the balloon

catheter, the stent 1 having the diameter D1 in the

closed condition as shown in Fig. 2 is expanded to the

diameter D2 as shown in Fig. 5. wherein the diameter

D2 is greater than the diameter D 1 . 35

[0029] In particular, when the stent 1 is expanded, the

lower end 5c of the connector 5 at the point A moves
upwardly as shown by an arrow 8 in Fig. 3, and the

upper end 5b of the connector 5 at the point B moves
downwardly as shown by an arrow 9 in Fig. 3. There- 40

fore, the vertical portion 5a of the connector 5 extends

substantially horizontally along the imaginary line on the

surface of the stent parallel to the longitudinal axis of the

stent 1. Since the upper and lower ends 5b, 5c are

moved toward the imaginary line, the movement or 45

twisting of the struts are substantially prevented. Thus,

the damage of the cells in the artery is prevented.

[0030] Also, since the vertical portions 5a of the con-

nectors 5 are oriented laterally when the stent 1 is

expanded, the longitudinal length of the rows of the con- 50

nectors 5 becomes bnger than that of the connectors 5

in the closed stent 1. However, when the stent 1 is

expanded, the struts 4 which extend substantially paral-

lel to each other in the closed condition are pivoted, so
that the longitudinal length of the struts 4 becomes 55

shorter than the longitudinal length of the rows of the

struts 4 in the closed condition, as explained in the con-

ventional stents. Expansion and reduction of the stent

are substantially the same. Therefore, the total longitu-

dinal length of the expanded stent is almost the same as

that of the dosed stent Shortening the length of the

stent at the time of expansion can be prevented.

[0031] Also, as shown in Fig. 3, when the stent 1 with

the first and second struts 4a, 4b are expanded, the first

struts 4a are substantially moved away from the second

struts 4b, i.e. toward the ejections shown by arrows 10,

11. respectively, resulting in the mesh-like structure as

shown in Fig. 5. Since one of the struts in the pair is sub-

stantially expanded to deploy the stent a large force is

not required to expand the stent as compared to the

conventional stents.

[0032] Also, in the present invention, since the vertical

portions 5a are oriented perperKfictiarty to the longitu-

dinal direction of the stent when the stent 1 is intro-

duced through the winding and narrow artery, the stent

1 can be bent at the end portions of the connectors 5.

Thus, the stent of the invention has great flexibility.

[0033] Further, in the present invention, since the

expanded stent has a mesh-like pattern (referring to

Fig. 5), the expanded stent has an enough strength to

hold and maintain the patency of the artery after the ste-

nosis is opened by the balloon, resulting in preventing

re-stenosis.

Claims

1. An expandable stent (1) comprising:

a plurality of rows of circularly arranged elon-

gated members (4) situated side by side in a

longitudinal axis, each row of the elongated

members including first and second elongated

members (4a, 4b) disposed on an imaginary

circular surface and inclining in a same side rel-

ative to an imaginary tine extending on the

imaginary circular surface parallel to the longi-

tudinal axis, and joint portions (12), each joint

portion connecting ends of the first and second

elongated members so that the first and sec-

ond elongated members extend continuously

through the joint portions, and

a plurality of rows of circularly arranged con-

nectors (5) situated between two adjacent rows

of the circularly arranged elongated members
for connecting the same,

said expandable stent being characterized in

that each connector (5) includes a vertical por-

tion (5a) substantially perpendicular to the

imaginary line extending on the imaginary cir-

cular surface and upper and lower end portions

(5b, 5c) extending laterally in opposite direc-

tions from ends of the vertical portion, said

upper and lower end portions (5b, 5c) being

connected to the joint portions (12) in the two

adjacent rows of the circularly arranged elon-

gated members so that the connectors (5) pro-

4
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vide ftexfoilrty along the tongitudirtal axis and

reduce a longitudinal movement of the stent

when the stent is expanded.

An expandable stent (1) according to claim 1,

wherein the upper end portion (5b) of the connector

is attached to an upper end of the joint portion (12)

in one circularly arranged elongated members, and

the lower end portion (5c) of the connector is

attached to a lower end of the joint portion (12) in

another circularly arranged elongated members sit-

uated adjacent thereto, said upper end and lower

end being laterally and vertically spaced apart from

each other.

nectjng the third and fourth elongated members.

An expandable stent (1) according to claim 5.

wherein the third and fourth elongated members

(6a, 6b) are longer than the first and second elon-

gated members (4a, 4b) so that when the stent is

expanded, the both ends of the stent has a larger

mesh pattern than a middle portion of the stent.

An expandable stent (1) according to claim 2.

wherein each of the end portions of the connector is

curved to project outwardly so that when the stent is

expanded, the first elongated members (4a) are

pivoted at the joint portions and the vertical portions

(5a) are moved horizontally.

An expandable stent (1) according to claim 2.

wherein each of said first elongated members (4a)

is shorter than each of said second elongated

members (4b), said first and second elongated

members being arranged alternately and inclining

obliquely.

An expandable stent (1) according to claim 2, fur-

ther comprising large mesh end portions (2) pro-

vided at both ends of the stent, each of the targe

mesh portions being formed of a row of a plurality of

circularly arranged elongated members (6a, 6b),

and a row of a plurality of second connectors (5").

said each row of the plurality of elongated members

including a plurality of third and forth elongated

members (6a, 6b) arranged alternately and sym-

metrically inclining with respect to the imaginary

line extending on the imaginary circular surface,

end connectors (7) for connecting ends of the third

and fourth elongated members to define the ends

of the stent, and second joint portions for connect-

ing ends of the third and fourth elongated members

(6a, 6b) so that the third and forth elongated mem-
bers extend continuously through the second joint

portions, each of said second connector (5*) being

formed of a vertical portion extending substantially

perpendicular to the imaginary line on the imagi-

nary circular surface parallel to the longitudinal axis

and upper and lower ends protruding outwardly

from ends of the vertical portion in opposite direc-

tions of the longitudinal axis, said each upper end of

the second connector being connected to the upper

end of the joint portion (12) for connecting the first

and second elongated members in adjacent row,

said each lower end of the second connector being

connected to a lower end of the joint portion con-

5
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(57) An expandable stent (1) of the invention is

formed of a plurality of rows of circularly arranged elon-

gated members (4) situated side by side in a longitudi-

nal axis, and a plurality of rows of circularly arranged

connectors (5) situated between two adjacent rows of

the circularly arranged elongated members tor connect-

ing the same. Each row of the elongated members
includes first and second elongated members (4a, 4b)

inclining in the same side relative to an imaginary line

extending on an imaginary circular surface parallel to

the longitudinal axis, and joint portions (12) respectively

connecting ends of the first and second elongated

members so that the first and second elongated mem-
bers extend continuously through the joint portions.

Each connector (5) includes a vertical portion (5a) sub-

stantially perpendicular to the longitudinal axis, and
upper and lower end portions (5b, 5c) extending later-

ally in opposite directions from ends of the vertical por-

tion. The upper and lower end portions (5b, 5c) are

connected to the joint portions (12) in the two adjacent

rows of the circuiarfy arranged elongated members, so
that the connectors (5) provide flexibility along the longi-

tudinal axis and reduce a longitudinal movement of the

stent when the stent is expanded.
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